ABSTRACT
INTRODUCTION
The currently considered key Gram-negative periodontopathogens include Porphyromonas gingi valis, Prevotella intermedia, Aggregatibacter actinomyce temcomitans, Fusobacterium nucleatum, Bacteroides forsythus, Capnocytophaga species, and Campylobacter rectus. 1 Among major periodontal pathogens, P. gingivalis appears to be one of the principal etiological agents in the pathogenesis as well as the progression of the inflammatory episodes of the periodontal disease process. About 85.75% of samples of subgingival plaque extracted from chronic periodontitis patients established the role of this periodontopathic bacterium in this chronic disease process.
Various research work directed towards the role of diode lasers in adjunctive to scaling and root planning have shown promising results in reduction of bacterial count especially specific periodontal pathogens like Porphyromanas gingivalis and Prevotella intermedia in cases of chronic periodontitis. 3 Literature also reveals role of diode lasers in reducing gingival bleeding, reducing clinical attachment loss as well as decreasing tooth mobility. 4 Henceforth, due to prevalence of such effects,
i.e. their bactericidal action on periodontal pathogens, lasers present an effective way out to swap adjunctive use of antibiotics in periodontal therapy. 5 Thus, the present study was carried out to investigate the bactericidal effect of gallium aluminium arsenide (GaAlAs) laser on photosensitized predominant periodontal pathogenic anaerobic organisms, i.e., Porphyromonas gingivalis and Prevotella intermedia.
MATERIALS AND METHODS
The present prospective study was carried out among 50 patients aged 30-55 years reporting to the department for the treatment of periodontitis with pockets ≥ 5 mm depth. Patients with more than 20 natural teeth and suffering from a chronic form of periodontitis were included in the study. Ethical permission was obtained from the ethical committee of the institute and patients were enrolled after obtaining informed consent. Smokers, patients who have taken antibiotics within a period of last 3 months and those suffering from any systemic disease were excluded from the study. For sample analysis of P. intermedia and P. gingivalis, a subgingival plaque was collected from periodontal pockets ≥ 5 mm depth using sterile curettes under aseptic conditions. The sample was then immediately transported to microbiology laboratory using transport media, thioglycollate broth with vitamin K and hemin. After 72 hours growth of bacterial colonies was seen on culture plates. P. intermedia was identified as brown to black pigmented colonies on blood agar. P. gingivalis were identified based on colony characteristics, pigmentation and fluorescence activity. It showed black-pigmented colonies on blood agar. P. intermedia forms circular, convex, 1-2 mm, shiny, gray colonies. P. intermedia fluoresce a dark red on exposure to a Wood's lamp (long-wave UV light). By colony morphology and Gram stain, Porphyromonas gingivalis tend to form smaller colonies and present as shorter rods or coccobacilli on Gram stain. Porphyromonas usually grows as pigmented colonies, initially forming gray colonies that darken to black colonies within a week after plating on blood agar. 6 A predetermined number of colonies (for P. intermedia 500 colonies were taken initially; for P. gingivalis 400 colonies were taken initially) were taken equally as control group and case group ( Fig. 1 ) Colony count was carried out and expressed as CFU/ML. Thirty µL of 100 µg/mL of Toluidine blue O dye was added, and the study group were exposed to GaAlAs diode laser ( Fig. 1 ) with a power output of 10 Mw at a wavelength 810 nm in a pulsed mode with a frequency of 20 kHz for one minute, in non-contact mode. After irradiation bacterial colonies of study and control group were then serially diluted (in ThioGlycollate Broth) in 1:10. 1:50 and 1:100 ratio and subcultured under the same culture conditions and incubated for 72 hours. After incubation period again the number of the viable bacterial count was carried out using a magnifying glass and expressed as CFU/mL, to determine the bactericidal effect of GaAlAs laser. The data was statistically analyzed using the SPSS statistical software version 16. Mann-Whitney Test was used for statistical analysis with p value less than 0.05 considered statically significant. Table 1 shows the bactericidal effect of GaAlAs Laser on P. intermedia and P. gingivalis. Initially, 486 colonies of P. intermedia were taken as the control group which reduced to 394, 287, and 136 after dilution in ThioGlycollate Broth in 1:10, 1:50 and 1:100 ratios. Study group shows a reduction in colony count after being exposed to GaAlAs diode laser for 1 minute from 369 to 229, 134 and 41 which was statistically significant with p value < 0.0001 (Graph 1).
RESULTS
Initially, 381 colony count of P. gingivalis were taken as the control group which reduced to 314, 215and 163 after dilution in Thio Glycollate Broth in 1:10, 1:50 and 1:100 ratios. Case group shows a decrease in colony count after being exposed to GaAlAs diode laser for 1 minute from 286.52 to 197, 94and 39which was statistically significant with p value <0.0001 (Graph 2).
DISCUSSION
Prevotella intermedia is a black-pigmented anaerobic gram-negative bacterium which is associated with oral diseases, mainly periodontitis. The hitch in eradicating the bacterium has been attributed to the resistance of P. intermedia to many antibiotics, including cephalosporins, penicillins as well as tetracyclines. Moreover, cells of P. intermedia forms a biofilm which protects bacterial cells and due to which it is more resistant to antibiotics. For the reason that biofilm can act as a reservoir of antibiotic resistance, it is of clinical significance to develop alternative antimicrobial approaches for controlling antibioticresistant P. intermedia. 7 In the present study, study group showed reduction in colony count of P. intermedia after Porphyromonas gingivalis, an etiological agent in severe forms of periodontitis, is a prominent component of the oral microbiome and a successful colonizer of the oral epithelium that plays role in alveolar bone resorption. 8 Lipopolysaccharide of P. gingivalis circulates systemically in over 50% of periodontal disease patients and is associated with increased matrix metalloproteinase. 9 It contains virulence factors such as lipopolysaccharide and gingipains. These virulence factors may contribute to tissue destruction in periodontal diseases by serving as a vehicle for the antigens and active proteases. 10 In the present study results showed a reduction in colony count of P. gingivalis from 381 to 314, 215 and 163 CFU/ML after dilution in ThioGlycollate Broth in 1:10, 1:50 and 1:100 ratios after being exposed to GaAlAs diode laser for 1 minute which was statistically significant. Benachinmardi et al. 11 studied the nature of oral microbiota in chronic periodontitis and reported that anaerobic bacteria are an important cause of chronic periodontitis, i.e., Fusobacterium spp, Bacteroides fragilis, Porphyromonas spp and Prevotella intermedia are the most common anaerobic pathogens along with aerobes and microaerophilic organisms. Lasers are termed according to the active element(s) that is induced to undergo the stimulated quantum transitions that, consecutively, creates the energy beam. 12 Specific indications for gallium-aluminium-arsenide (GaAlAs) laser are soft tissue incision and ablation; subgingival curettage; bacterial elimination, pulpotomy, aphthous ulcer treatment, analgesia, melanin pigment removal, root canal disinfection, sulcular debridement, caries removal, treatment of dentine hypersensitivity. 13 What is more, among the various laser types with corresponding wavelengths, diode laser systems have established themselves as compact, economic and versatile, predominantly for performing soft tissue applications. Research has shown that near-infrared (NIR) wavelengths are ideally suited for numerous soft tissue procedures due to their high absorption in hemoglobin. Among the available NIR wavelengths, it has been found that the wavelengths around 810 nm to be one of the most versatile with regard to the number of possible treatment options, as this wavelength range can be effectively used in the field of soft tissue surgery, periodontics, endodontics, implantology, and tooth whitening.
14 Hence, in the present studyaluminium, GaAlAs laser with wavelength 810 nm was used to evaluate its bactericidal property. Methylene blue and toluidine blue O are very effective photosensitizing agents for the inactivation of both gram-positive and gram-negative periodontopathic bacteria. 15 Dobson et al. 16 demonstrated that bacteria associated with periodontal disease can be killed through photosensitization with toluidine blue O by irradiating with a helium-neon soft laser. Thus, in the present study toluidine blue O was used as a photosensitizer to evaluate the bactericidal action of GaAlAs laser. Sakurai et al. 17 indicated that irradiated cells produced less Prostoglandin E2 (PGE2) and Cycl-O-Oxynase (COX), indicating the possible anti-inflammatory role of the diode laser which may have a therapeutic effect on aggravation of periodontitis. Kreisler et al. 18 demonstrated that the proliferative activity of ligament fibroblasts was considerably higher after 890 nm wavelength diode laser irradiation. Moritz et al. 19, 20 concluded that the diode laser treatment following scaling and root planning had a bactericidal effect and reduced inflammation. Identical antimicrobial results were obtained by Shibli et al. 21 who
reported that PDT could reduce the bacterial count of P. intermedia, P. nigrescens, Fusobacterium spp. in ligatureinduced peri-implantitis of dogs. Similarly, Luchesi et al. 22 investigated the effect of photodynamic therapy as an adjunct to mechanical therapy in furcations. Photodynamic therapy showed advantages in local levels of cytokines and a reduction in periodontal pathogens was demonstrated. The findings of our study are also in agreement with Voos et al. 23 who compared the antibacterial efficiency of a PDT using the photosensitizer safranine O with that of chlorhexidine (0.2% CHX) on an ex vivo biofilm. Photodynamic treatment with safranine O showed a distinct antibacterial effect on F. nucleatum and P. gingivalis whereas S. gordonii was suppressed completely by a PDT, treatment with 2% CHX caused only a partial reduction. In addition to the bactericidal effect of the laser technique, it is one of the methods used to hasten the recovery of tissue functionality in the treatment of wounded tissues as they improve the recovery of the tissue by inducing vessel dilatation, collagen synthesis and by increasing tissue oxygenation. 24 Reddy 25 in his comprehensive review regarding the role of lowintensity laser therapy (laser photostimulation) in biology and medicine reported gallium-arsenide (GaAs) laser among diabetic rats was found to be effective in healing wounds by promoting the amount of collagen sig nificantly. Posten 26 i n a literature review revealed that GaAlAs laser (904 nm), when applied to the microcirculation of live rats, promotes dilatation of the irradiated arterioles, followed by an increase in arteriolar blood flow. Therefore, in addition, to bactericidal effect of laser therapy which is attributed to the elimination of lipopolysaccharide, ability to remove bacterial plaque and calculus and irradiation effect limited to an ultra-thin layer of tissue, moreover, its ability to hasten bone and soft tissue repair, make it a potential tool for periodontal treatment including scaling and root surface debridement. 27 The limitation of the present study is that it is an in vitro study and therefore, research is recommended to further evaluate results by commencing in vivo studies to assess its clinical applicability.
CONCLUSION
The result of our study implies that for the tested bacterial strains, the effect of GaAlAs laser for 1 minute resulted in a significant reduction in the viable counts of periodontal pathogenic anaerobic organisms i.e., simplicity of the photodynamic therapy and effective bacterial eradication are the imperative reasons why PDT is being extensively becoming a research interest in periodontics. Further, it can thus be safely considered that this technique is an alternative method adjunct to mechanical therapy.
